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A B S T R A C T
This study aimed to examine the effects of inbreeding on 12 quantitative phenotypes
like body weight, height, sitting height, head circumference, head length, head breadth,
chest circumference, verbal, performance and full scale intelligence quotients, systolic
and diastolic blood pressures among North Indian Children. The sample consisted of
3,253 subjects (1,683 males and 1,570 females) including offspring of first cousins, first
cousins once removed, second cousins, (inbred part of samples) and unrelated spouses
(non-inbred part of samples) ranging in age from 6 to 14 years from the Aligarh district,
Uttar Pradesh in North India. Samples were selected purposively to estimate the aver-
age inbreeding coefficients based on 3 ancestral generations and using Wright’s path
method. The average inbreeding coefficient of the present inbred part of sample is
0.04609. The mean ages of males and females were almost equal for both inbred and
non-inbred individuals. A significant reduction of means (p < 0.05) or inbreeding de-
pression has been observed in inbred series for all anthropometric and psychometric
traits for both the sexes. A significant elevation of mean with inbreeding is observed for
systolic and diastolic blood pressure. The average inbreeding depression per 10% in-
breeding appeared very high in verbal IQ ( 23), performance IQ ( 40), full scale IQ (
28), systolic blood pressure ( 10) and diastolic blood pressure ( 12) among both sexes.
On the whole, relatively greater amount of inbreeding effects are apparent among all
measures of intelligence quotient and blood pressures compared to the anthropometric
traits.The results of the present work have thrown light on the nature and mechanism of
genetic effects of inbreeding on certain quantitative traits in human.
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Introduction
Anthropometric Characters, intelli-
gence quotient and blood pressure have
been quite commonly used to study the
genetic structure of human population
among the human biologist1–6. Studies on
inbreeding effect on metrical phenotypes
have conducted over the last three and
half decades7–9. Parental consanguinity
increases the frequency of homozygotes
in the offspring at the expense of hetero-
zygotes, recessive and additive phenoty-
pes would thus increase in frequency in
the inbred individuals. Thus, inbreeding
brings out previously hidden recessive
and additive alleles contributing to the
phenotypic variance7 and hence it adds to
the genetic variability. The most striking
consequence of inbreeding is the reduc-
tion of mean values shown by characters
connected with reproductive capacity, re-
duction of body size, delay of development
or functional impairment known as in-
breeding depression. In other species, the
characters that form an important com-
ponent of fitness such as early survival of
offspring, litter size, lactation in mam-
mals, egg number in poultry show a sen-
sitivity to inbreeding10. Significant inbre-
eding effects for traits such as anthro-
pometric, psychometric, physiometric
and dermatoglypic among children and
adults have found in different popula-
tions4,8,9,11–12. The basic model for genetic
analysis of quantitative traits with
known inbreeding levels is contained in
the following deduction13: mF = m–2 F d
pq, where m and mF are the mean values
in the absence and presence of inbreeding
at the level F respectively, p and q are al-
lele frequencies (p + q = 1) and d the phe-
notypic value of heterozygote measured
from the mid-value between two homozy-
gotes at a locus, and  denotes summa-
tion over the involved loci assumed to be
mutually additive. Therefore, the change
of mean would reflect an amount of over-
all dominance of genes affecting the trait
d# 0. In addition to that, as the change
of mean would be in the opposite direc-
tion of the dominant phenotype, it would
indicate whether the recessive genes
should have positive or negative effects.
If the genes having positive (which in-
crease the value) are dominant, d >0, over
their alleles, which reduce the value, in-
breeding results in a depression of mean.
If the positive alleles are recessive, that is
d has a negative value, the mean value is
elevated by inbreeding. However, studies
of inbreeding effects on quantitative es-
pecially anthropometric, psychometric
and physiometric are only a few in India
as elsewhere14–21. The purpose of the pre-
sent study is to further elucidate the ef-
fects of genotypic difference between ho-
mozygotes and heterozygotes of involved




In the present study, samples were se-
lected purposively from an urban section
of Muslims living in Aligarh city in North
India. In human population, the con-
trolled experimental breeding is imprac-
ticable. Therefore, the only possible way
of controlling for genes and environments
together is to draw samples of different
specific degrees of inbreeding from an
endogamous population. From this point
of the view the present study population
of Aligarh city in North India provides a
model for such studies. The subjects re-
side in quarters of uniform type of adja-
cent colonies. As the people are engaged
in similar type of jobs (by profession were
lock makers) and earn more or less the
same money, they have very similar so-
cio-economic and nutritional status. Oc-
currences of any subject from a high-in-
come family are excluded from the sam-
ple. Thus, the gene pool and at least the
food and work environment of the com-
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pared inbred and non-inbred subjects
were more effectively controlled.
The sample and inbreeding level
The distributions of sample for metri-
cal traits by age and inbreeding levels are
presented in Table 1. The samples con-
sisted for present analysis of 3253 sub-
jects (1683 males and 1570 females) in-
cluding non-inbred and inbred subjects
ranging in age from 6 to 14 years. The
mean ages of males and females were al-
most equal for both inbred and non-in-
bred individuals.
The parents in age groups 35–45 years
and having normal health and intelli-
gence were sorted out who had children
aged 6 to 14 years. Two children from the
same parent were not included. The coef-
ficient of inbreeding (F) were calculated
from the pedigree data using slightly
modified Wright’s formula22: F1 = (1/2)n
(1+Fa) where n is the number of persons
along the path through a common ances-
tor connecting two parental gametes and
Fa the inbreeding coefficient of common
ancestor.
The distributions of inbreeding coeffi-
cients in the inbred part of samples in-
clude the offspring of first cousins, first
cousins once removed and second cousins.
All the children were genealogically tra-
ced by the author, himself, to establish
the degree of consanguinity between the
parents. The pedigree data of the subjects
were collected with great care up to three
generations. For a direct study of genetic
effects of inbreeding in man, it is of im-
portance to trace the common ancestor
through pedigree of a limited number of
generations. The detection of remote rela-
tionships, beyond second cousins once re-
moved, is rarely practicable in the ab-
sence of records and has negligible con-
tribution to the average inbreeding coeffi-
cients of the offspring22. The author and
two trained female health visitors took
all the measurements of the subjects.
Anthropometric measurements
Seven anthropometric measurements
as shown in Table 2 were taken on each
individuals using standard anthropome-
tric techniques23–24. The expected accu-
racy of measurements was 0.2 cm in
height, 0.1 kg in weight, and 0.2 cm in
head and chest circumference and head
length, head breadth as well.
Psychometric measurements
The revised Weschler’s Intelligence
Scale (WISC-R) for children was prefer-
red in the present case to assess the ver-
bal, performance and full scale IQ. The
WISC-R is made up of ten subtests in
which five are verbal and five are perfor-
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TABLE 1
DESCRIPITIVE STATISTICS FOR AGE OF SUBJECTS BY SEX AND INBREEDING
Phenotypes Sex Sample size Mean + SD Age range








































mance. The verbal subtests include infor-
mation, similarities, arithmetic, vocabu-
lary and comprehension. The perfor-
mance subtests are picture completion,
picture arrangement, block design, object
assembly and mazes.
Physiometric measurements
The right arm was used for the man-
ual measurement of blood pressure with
a standard clinical mercury sphygmoma-
nometer by auscultatory method25 after
the subject had rested for at least 15 min-
utes. Three consecutive readings were
taken with a gap of 5 minutes and the
mean of three readings was used for anal-
ysis.
Results
Descriptive statistics, including raw
data means, standard errors and coeffi-
cient of variances of the 12 quantitative
traits for inbred and non-inbred males
and females children are presented in Ta-
ble 2 the sample sizes vary across the
traits although every subject was mea-
sured for every traits. Means and stan-
dard errors for males and female children
showed considerable sex differences. As
shown in Table 3, WT, HT, SHT, HC, HL,
HB, CC, VIQ, PIQ and FIQ means were
significantly higher (p < 0.001) in non-in-
bred children than inbred children for
both sexes. The increase of mean values
of systolic and diastolic blood pressure
with inbreeding coefficient (F > 0) has
been observed in both sexes. The differ-
ence between the means of non-inbred (F
= 0) and inbred (F > 0) groups are signifi-
cant at 5% probability level among both
male and female children. The sex differ-
ences have also been found statistically
significant (p  0.001) in all anthropome-
tric measurements and blood pressures
among both inbred and non-inbred chil-
dren. The sedentary life-style of an aver-
age Indian girl leads to higher blood pres-
sure. However, another note worthy as-
pect about IQ is that male subjects score
0.68 to 2.1 points higher than female
counterparts due to greater environmen-
tal exposures. But this differences are not
statistically significant with p = 0.05 among
both groups.
The changes of coefficient of variances
with inbreeding for different quantitative
traits are also presented in Table 2
among male and female children for com-
parison of the change of phenotypic vari-
ance. The coefficients of variance of seven
anthropometric measurements appear to
be greater in the inbred series in both
sexes. The increase of variance is how-
ever, make marked for anthropometric
measurements than for psychometric or
physiometric traits.
In this study, mean differences be-
tween sexes of each inbred and non-in-
bred groups was examined by comparison
of means through t-test. Table 3 presents
t-values for 14 quantitative phenotypes.
The mean differences of all phenotypes
are highly statistically significant (p <
0.001) among inbred and non-inbred chil-
dren in both sexes.
The correlation between phenotypes
and F values and regression of measure-
ment of F and inbreeding depression per
10% F on anthropometric, psychometric
and physiometric are presented in Table
4. As expected, all anthropometric and
psychometric measurements generally
display a significant (p < 0.05) negative
association with F values of individuals
in either sex as reflected by negative cor-
relation with and regression on F. On the
other hand, blood pressure display posi-
tive correlations (r) and regressions (slo-
pe) on F in each sex.
It we compare the rank orders of cor-
relation of different characters with F
values among males. It has been found
that such correlation is largest for WT,
HC, HL, HB and PIQ. Similarly among
314
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females, WT, HT, SHT, HC, HB and PIQ
have higher correlation with F. The esti-
mate of percent inbreeding depression
(ID%) has been obtained on the basis of
mean depression in inbred sample (F >
0). The estimates obtained by the two
methods on average and on regression
(b/10) do not appear to coincide for any of
the anthropometric, psychometric and
physiometric traits. In the both estimates
psychometric variables have shown
higher depression in both sexes.
Discussion
In view of the strong earlier sugges-
tion of inbreeding depression in quantita-
tive traits especially on physical mea-
surements in the case of adequately con-
trolled data2,19,26–28, the results amply
strengthen the hypothesis of an average
recessiveness of the genes with negative
effects. However, inbreeding may have a
significant influence on late-onset traits
like blood pressure and other complex
diseases29–30. Some studies on inbreeding
effects on blood pressure in adults show
decrease of mean values in the inbred
series1,9,31. Whereas, other studies on in-
breeding effects on DBP among adults
and children uniformly indicate a rise of
mean values in the inbred series8,12,29,32–33.
Whereas, in the present study, the signifi-
cant increase of blood pressure in the
children of age ranges 6–14 years of each
sex with inbreeding apparently agrees
with the hypothesis of some recessive
gene or genes for higher blood pressu-
re12,31,32. In the support of this hypothesis
and consistent overall trend of increased
prevalence of blood pressure among world-
wide inbred communities have been re-
ported by several authors8,9,34–38.
Lowering of IQ after inbreeding is per-
haps among the best line of evidence we
have for heredity control of intelligence39.
Jensen40 and Plomin41 expresses a simi-
lar opinion that the most impressive lines
of evidence for the involvement of genetic
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TABLE 3
T-VALUES BETWEEN INBRED (F>0) AND NON-INBRED (F=0) MALE AND FEMALE CHILDERN AND
ALSO SEX DIFFERENCES AMONG INBRED AND NON-INBRED CHILDREN FOR 12 QUANTITATIVE
PHENOTYPES
Phenotypes Inbred versus non-inbred Sex differences
Male Female Inbred Non-inbred
Weight 10.14*** 7.18*** 15.61*** 13.34***
Height 11.61*** 8.75*** 35.41*** 18.25***
Sitting height 14.47*** 15.82*** 35.30*** 9.08***
Head circumference 22.13*** 15.18*** 10.51*** 6.38***
Head length 34.45*** 11.52*** 8.77*** 17.77***
Head breadth 34.99*** 12.93*** 10.93*** 18.42***
Chest circumference 15.13*** 5.17*** 12.63*** 7.75***
Verbal IQ 6.18*** 6.67*** 1.47ns 0.43ns
Performance IQ 9.69*** 8.55*** 0.68ns 1.05ns
Full scale IQ 6.82*** 6.62*** 1.75ns 1.29ns
SBP 34.29*** 24.56*** 5.80*** 4.78***
DBP 39.01*** 42.61*** 45.67*** 14.79***
***p  0.001, nsp > 0.05
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factors in intelligence comes from the
study of the effects of inbreeding. In the
present study, the higher rates of inbre-
eding depression on performance, verbal
and full scale IQs than in anthropomet-
rics, indicate the occurrence of a rela-
tively larger increase of homozygosity of
recessive genes in these traits. Other-
wise, inbreeding depression of IQ test
scores would suggest that this trait has
undergone selection.
The inbreeding effects observed in the
present study are brought together to re-
view the possible mechanism of pheno-
typic change and further knowledge of ge-
netics of the traits derived from them.
The present results bring out the conclu-
sion that a systematic indication of linear
effects of inbreeding depression for al-
most all of the traits. This represents a
certain amount of average dominance/
recessivity of genes for the traits.
The effects of inbreeding in the pres-
ent study also suggest the occurrence of
recessive genes to be different with re-
spect to different traits. This explains the
mechanism of the diversity of inbreeding
effects on mean, depression or elevation
in the traits. The present analysis ex-
tends the support of further possibilities
of understanding the genetics of quanti-
tative traits with respect to inbreeding.
Therefore, the general effects of inbreed-
ing, in fact, not only reveal the non-addi-
tives components of the traits, they also
reflect the homozygosity and heterozy-
gosity due to recessive additive, non-addi-
tive genes under the natural selection
and even refer to the frequencies at genes
and genotypes, which would suggest the
genetic structure of the base population.
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U^INAK SRO\IVANJA NA BIOMETRIJSKE OSOBINE KOD
DJECE IZ SJEVERNE INDIJE
S A @ E T A K
Cilj je ove studije bio kod djece iz sjeverne Indije ispitati u~inke sro|ivanja na raz-
li~ite kvantitativne osobine (tjelesna masa, visina, sjede}a visina, opseg glave, duljina i
{irina glave, opseg prsnog ko{a, rezultati testova verbalnog izra`avanje i inteligencije,
te vrijednosti sistoli~kog i dijastoli~kog krvnog tlaka). Uzorak se sastojao od 3253 ispi-
tanika (1683 dje~aka i 1570 djevoj~ice), dobi od 6 do 14 godina, iz okruga Aligarh, Uttar
Pradesh, sjeverna Indija. Uzorak je podijeljen na dva pod-uzorka od kojih je jedan
uklju~ivao potomstvo krvno-vezanih brakova (djecu ro|aka u 1. 1,5. i 2. koljenu), a
drugi djecu koja nisu potekla iz krvno-vezanih brakova. Uzorak je izabran u cilju pro-
cjene koeficijenta sro|ivanja kori{tenjem Wright-ove path metode koja se temelji na 3
generacije predaka. Srednja vrijednost koeficijenta sro|ivanja u pod-uzorku djece koja
su potekla iz krvno-srodnih brakova iznosio je 0.04609. Srednja dob dje~aka i djevoj-
~ica bila je podjednaka u oba pod-uzorka. Zna~ajno smanjenje (p < 0,05) u srednjim
vrijednostima (»inbreeding depression«) primije}eno je u sro|enom pod-uzorku za sve
ispitivane antropometrijske i psihometrijske osobine u oba spola, dok su vrijednosti i
sistoli~kog i dijastoli~kog krvnog tlaka bile zna~ajno vi{e. Srednja vrijednost »inbreed-
ing depression« u oba spola za svakih 10% sro|ivanja bila je vrlo visoka kod testova
verbalne inteligencije (IQ  23), spretnosti (IQ  40), ukupne inteligencije (IQ  28),
sistoli~kog (10) i dijastoli~kog krvnog tlaka (12). Mo`e se zaklju~iti da je relativno
ve}i u~inak inbreeding depression primije}en kod testova inteligencije i krvnog tlaka u
odnosu na u~inak kod antropometrijskih osobina. Rezultati ukazuju na prirodu i me-
hanizme genetskih u~inaka sro|ivanja na neke kvantitativne osobine ~ovjeka.
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